
Taiwan has the highest incidence and
prevalence of end-stage renal disease in
the world.1 The approximately 40 000

patients with end-stage renal disease consume
7% (about NT$26 billion) of Taiwan’s health
insurance budget for dialysis treatment, espe-
cially because 90% of these patients receive
hemodialysis rather than peritoneal dialysis.2 In
Western and Asian countries, previous studies
have suggested that the prevalence of peptic ulcer
disease among patients with end-stage renal dis-
ease is not higher than in the general population;3–5

however, recent reports show a higher prevalence
among patients receiving long-term hemodialy-
sis6,7 and a higher rate of bleeding after the devel-
opment of ulcers in these patients.8

The pathogenesis and risk factors for ulcers or
ulcer bleeding in patients with end-stage renal
disease are unclear.9–11 We performed a nation-
wide population-based cohort study to investigate
the association between hemodialysis and bleed-
ing of gastroduodeanl ulcers and to identify the

risk factors for ulcer bleeding in patients with
end-stage renal disease.

Methods

Data sources
National Health Insurance is a mandatory health
insurance program in Taiwan that provides com-
prehensive coverage for medical care. Up to 96%
of the population was enrolled by 2002.12 Claims
data are collected in the National Health Insur-
ance Research Database at the National Health
Research Institutes. For research purposes, the
institute released to the public a cohort dataset
for one million randomly selected individuals
and a dataset for 46 576 patients with some cata-
strophic illnesses (e.g., end-stage renal disease,
cancer) who were alive in 2000. The institute
collected all records for these individuals from
1995 to 2006. There were no statistically signifi-
cant differences in age, sex and health care costs
between the one million randomly sampled indi-
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Background: Few large population-based stud-
ies have compared the incidence of bleeding of
gastroduodenal ulcers between patients with
and without end-stage renal disease. We inves-
tigated the association between ulcer bleeding
and end-stage renal disease in patients receiv-
ing hemodialysis, and we sought to identify risk
factors for ulcer bleeding.

Methods: We performed a nationwide seven-
year population study using data from the
National Health Insurance Research Database in
Taiwan. We identified 36 474 patients with end-
stage renal disease who were receiving
hemodialysis, 6320 patients with chronic kidney
disease and 36 034 controls matched for age, sex
and medication use. We performed log-rank
testing to analyze differences in survival time
without ulcer bleeding among the three groups.
We performed Cox proportional hazard regres-
sions to evaluate the risk factors for ulcer bleed-
ing among the three groups and to identify risk

factors in patients receiving hemodialysis.

Results: Patients receiving hemodialysis and
those with chronic kidney disease had a signif-
icantly higher incidence of ulcer bleeding than
controls had (p < 0.001). Hemodialysis (hazard
ratio [HR] 5.24, 95% confidence interval [CI]
4.67–5.86) and chronic kidney disease (HR 1.95,
95% CI 1.62–2.35) were independently associ-
ated with an increased risk of ulcer bleeding.
Diabetes mellitus, coronary artery disease, cir-
rhosis and use of nonsteroidal anti-inflamma-
tory drugs were risk factors for ulcer bleeding
in patients with end-stage renal disease who
were receiving hemodialysis

Interpretation: Patients with end-stage renal
disease who are receiving hemodialysis had a
high risk of ulcer bleeding. Diabetes mellitus,
coronary artery disease, cirrhosis and the use
of nonsteroidal anti-inflammatory drugs were
important risk factors for ulcer bleeding in
these patients.
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viduals and those enrolled in our study. Compre-
hensive health care data include the enrolment
files, claims data, catastrophic illness files and a
registry for drug prescriptions. 

Each patient’s original identification number
was encrypted for privacy in the cohort dataset. The
encryption procedure was consistent between
datasets so that all claims belonging to each patient
could be linked. Because the dataset consisted of
de-identified secondary data released to the public
for research purposes, this study was exempt from
full review by the institutional review board. 

Study groups
Our study included almost all patients in Taiwan
receiving long-term hemodialysis, as well as
age- and sex-matched controls. We did not
include patients who had started hemodialysis in
the three months before enrolment and those
with acute renal failure because of a high rate of
ulcer bleeding in patients with critical medical
conditions and acute renal failure.15,16

In Taiwan, patients with end-stage renal dis-
ease who are in need of long-term (more than
three months) renal replacement therapy can
apply for a catastrophic illness registration card
from the National Health Research Institutes. We
identified 36 474 patients with end-stage renal
disease who had received a diagnosis of chronic

renal failure (International Classification of Dis-
eases, Ninth Revision, Clinical Modification
[ICD-9-CM] code 585) and who had received
hemodialysis for more than three months from
Jan. 1, 2000 through 2006. We excluded patients
receiving peritoneal dialysis and those who had
received a kidney transplant before or after enrol-
ment. Figure 1 shows the flow of patients during
the course of this study.

We included controls without kidney disease
(absence of ICD-9-CM codes: 580.x–588.x,
250.4x, 274.1x, 283.11, 403.x1, 404.x2, 404.x3,
440.1, 442.1, 447.3, 572.4, 642.1x and 646.2x)
from the database in a 1:1 ratio. We matched the
controls with patients receiving hemodialysis in
terms of age, sex and use of some ulcerogenic
medications (nonsteroidal anti-inflammatory
drugs [NSAIDs], acetylsalicylic acid [ASA],
steroids, ticlopidine and warfarin) and year of
enrolment. Medications were identified and clas-
sified by use of the National Drug Classification
System and the Anatomic Therapeutic Chemical
Code, which is an internationally accepted clas-
sification system of drugs coordinated by the
World Health Organization Collaborating Centre
for Drug Statistics Methodology.13

We included a comparison group of 6320
patients with chronic kidney disease (ICD-9-CM
codes 582.0, 582.4, 582.8x, 586, 250.4x, 274.1,
403.x1, 404.x2, 404.x3, corresponding to stage 4
and 5 chronic kidney disease) who were identi-
fied from the same cohort from the National
Health Research Institutes.

We also investigated the covariables age, sex,
pre-existing hypertension (ICD-9-CM 401.0–
405.99), diabetes mellitus (ICD-9-CM 250.0–
250.93), congestive heart failure (ICD-9-CM
428–428.9), coronary artery disease (ICD-9-CM
410–414.9) and cirrhosis of the liver (ICD-9-CM
571.2, 571.5 and 571.6).

Outcomes
The main outcome was the occurrence of ulcer
bleeding as the main diagnosis during hospital
stay. Bleeding was confirmed by endoscopic
examination. The data were obtained from
administrative claims (ICD-9-CM 531.0, 531.00,
531.01, 531.2x, 531.4x, 531.6x, 532.0, 532.00,
532.01, 532.2x, 532.4x, 532.6x, 533.0, 533.00,
533.01, 533.2x, 533.4x, 533.6x, 534.0, 534.00,
534.01, 534.2x, 534.4x and 534.6x). We also
investigated bleeding-free survival time.

Statistical analysis
All data were expressed as frequency (percent-
age) or mean and standard deviation. We com-
pared parametric continuous data between
groups using the Student t test, and we compared
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Figure 1: Flow of patients with end-stage renal dis-
ease undergoing hemodialysis during the seven-year
study period. In total, 26 145 patients were alive at
the end of follow-up in 2007. *All patients who were
excluded from follow-up had died during the study
period (28.3% of patients undergoing hemodialysis). 



categorical data using the χ2 test and Yates cor-
rection or the Fisher exact test. We performed
survival analysis using the Kaplan–Meier
method, with significance based on the log-rank
test. We calculated survival time as being the
time from the date of enrolment in the cohort to
the date of admission to hospital because of ulcer
bleeding. We performed multiple regression
analysis using Cox proportional hazard regres-
sion analysis. We defined statistical significance
as a two-sided p value of less than 0.05.

Results

The demographic data are shown in Table 1.
Except for clopidogrel, concurrent use of ulcero-
genic medications such as NSAIDs, ASA,
steroids, ticlopidine and warfarin was compara-
ble between the hemodialysis group and the con-
trol group (p > 0.05). However, comorbidities,
including coronary artery disease, hypertension,
diabetes, heart failure and cirrhosis were not
equivalent between the groups (Table 1).

During the seven-year study period, 3004
(3.8%) of the 78 828 people included in this
study experienced bleeding of gastroduodenal
ulcers. Of these, 2361 were receiving hemodialy-

sis (6.5% of patients with end-stage renal dis-
ease), 163 had chronic kidney disease (2.6% of
patients with chronic kidney disease) and 480
were controls (1.3% of the controls) (Table 1).
The log-rank test and Kaplan–Meier survival
analysis showed that there was a significantly
higher incidence of ulcer bleeding among
patients receiving hemodialysis than among those
with chronic kidney disease or among the con-
trols (p < 0.001). The rate of bleeding was signifi-
cantly higher in the group with chronic kidney
disease than in the control group (p < 0.001)
(Figure 2).

After adjustment for age, sex, hypertension,
diabetes, coronary artery disease, heart failure,
cirrhosis and the use of NSAIDs, ASA, steroids,
clopidogrel, ticlopidine and warfarin, the hazard
ratio (HR) for ulcer bleeding was 5.24 times
higher (95% confidence interval [CI] 4.67–5.86)
in the hemodialysis group and 1.95 times higher
(95% CI 1.62–2.35) in the chronic kidney dis-
ease group than in the control group (Table 2).

The results of the multivariable analysis are
shown in Figure 3. In each stratum, we compared
the HRs between patients receiving hemodialysis
and controls. Those receiving hemodialysis had a
significantly higher risk of ulcer bleeding regard-
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Table 1: Demographic data for patients undergoing hemodialysis, patients with chronic kidney disease 
and controls from 2001 to 2006 

No. (%) of individuals* 

Characteristic 
Matched controls  

n = 36 034 

Patients with chronic 
kidney disease  

n = 6 320 

Patients receiving 
hemodialysis  

n = 36 474 

Age, yr , mean (SD) 63.1 (13.9) 61.6 (14.2)† 63.2 (13.8) 

Male sex 17 525 (48.6) 3 501 (55.4)† 17 675 (48.5) 

Hypertension 11 601 (32.2) 3 843 (60.8)† 31 216 (85.6)‡ 

Diabetes 3 915 (10.9) 4 255 (67.3)† 18 796 (51.5)‡ 

Coronary artery disease 5 151 (14.3) 1 618 (25.6)† 12 527 (34.4)‡ 

Heart failure 1 046 (2.9) 432 (6.8)† 9 111 (25.0)‡ 

Cirrhosis 277 (0.8) 96 (1.5)† 1 472 (4.0)‡ 

Medication use       

 ASA 5 892 (16.4) 1 567 (24.8)† 6 089 (16.7) 

 NSAID 3 064 (8.5) 980 (15.5)† 3 144 (8.6) 

 Steroid 1 676 (4.6) 195 (3.1)† 1 750 (4.8) 

 Clopidogrel 1 134 (3.2) 101 (1.6)† 1 493 (4.1)‡ 

 Ticlopidine 361 (1.0) 67 (1.1) 411 (1.1) 

 Warfarin 198 (0.6) 50 (0.8) 238 (0.6) 

Ulcer bleeding 480 (1.3) 163 (2.6)† 2 361 (6.5)‡ 

All-cause mortality 2 831 (7.9) 915 (14.5)† 10 329 (28.3)‡ 

Note: ASA = acetylsalicylic acid, NSAID = nonsteroidal anti-inflammatory drug, SD = standard deviation. 
*Unless stated otherwise. 
†p < 0.05 for comparison between patients with chronic kidney disease and controls. 
‡p < 0.05 for comparison between patients receiving hemodialysis and controls. 



less of age, sex, hypertension, diabetes, coronary
artery disease, congestive heart failure, cirrhosis
and use of ASA or NSAIDs.

Cox multivariable regression analysis showed
that diabetes, coronary artery disease, cirrhosis
and NSAIDs use, but not age, hypertension, heart
failure and use of ASA, were risk factors for ulcer
bleeding in patients with end-stage renal disease
receiving hemodialysis (Table 3).

Interpretation
We performed a nationwide population-based
longitudinal seven-year cohort study. We found
that patients undergoing hemodialysis and those
with chronic kidney disease had a high risk of
ulcer bleeding. Diabetes, coronary artery dis-
ease, cirrhosis and use of NSAIDs are impor-
tant risk factors for ulcer bleeding in patients
with end-stage renal disease undergoing
hemodialysis.

In a cross-sectional study at a single medical
center, Sugimoto and colleagues found that
patients undergoing dialysis had higher rates of
gastroduodenal ulcers than healthy people with
normal renal function (17.8% v. 7.4%).6 In a
longitudinal retrospective study, Chen and col-
leagues found that 18.5% of patients undergoing
dialysis (hemodialysis and peritoneal) experi-
enced a symptomatic peptic ulcer during a
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Figure 2: Kaplan–Meier estimates of survival time free of peptic ulcer bleeding in patients undergoing
hemodialysis, those with chronic kidney disease and controls. *Log rank p < 0.001.

Table 2: Independent predictors of ulcer 
bleeding identified by Cox regression analysis  

Variable Adjusted HR* (95% CI) 

Age (per year increase) 1.03 (1.02–1.03) 

Male sex 1.23 (1.15–1.32) 

Hypertension 1.19 (1.07–1.32) 

Diabetes 1.31 (1.21–1.42) 

Coronary artery disease 1.14 (1.05–1.24) 

Heart failure 1.13 (1.03–1.24) 

Cirrhosis 1.86 (1.59–2.18) 

Medication use  

   ASA 1.06 (0.97-–1.16) 

   NSAID 1.94 (1.76–2.13) 

   Steroid 1.07 (0.89–1.27) 

   Clopidogrel 0.99 (0.83–1.17) 

   Ticlopidine 1.12 (0.84–1.49) 

   Warfarin 1.11 (0.75–1.67) 

Renal disease (v. controls) 

   Patients with chronic 
   kidney disease 

1.95 (1.62–2.35) 

   Patients receiving  
   hemodialysis 

5.24 (4.67–5.86) 

Note: ASA = acetylsalicylic acid, CI = confidence interval, HR = 
hazard ratio, NSAID = nonsteroidal anti-inflammatory drug. 
*Each variable was adjusted for every other variable listed. 



three-year follow-up period.14 However, they did
not include a control group for comparison. We
focused on patients undergoing hemodialysis
rather than peritoneal dialysis, and we found
that patients undergoing hemodialysis had a
fivefold higher risk of ulcer bleeding after
adjustment for possible confounding variables.

The risk factors and pathogenesis of ulcers
and ulcer bleeding in patients with chronic kid-
ney disease and end-stage renal disease include
platelet dysfunction, platelet–vessel wall inter-
action and abnormalities in blood coagula-
tion.11,17 Our results suggest that chronic kidney
disease is also an independent risk factor for
ulcer bleeding. However, patients undergoing
hemodialysis had a higher risk of ulcer bleeding
than patients with chronic kidney disease. A
possible explanation for this finding is the
increased risk of bleeding after the use of anti-
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Figure 3: Adjusted hazard ratios (HRs) for ulcer bleeding in patients receiving hemodialysis. In each stra-
tum, the HRs were compared between patients undergoing hemodialysis and controls. *Each factor was
adjusted for all other factors. CI = confidence interval, NSAID = nonsteroidal anti-inflammatory drug.

Table 3: Risk factors for ulcer bleeding in 
patients with end-stage renal disease 
undergoing hemodialysis 

Risk factor Adjusted HR* (95% CI) 

Age (per year increase) 1.01 (0.98–1.04) 

Male sex 1.15 (0.99–1.29) 

Hypertension 0.99 (0.88–1.12) 

Diabetes 1.44 (1.32–1.57) 

Coronary artery 
disease 

1.29 (1.18–1.41) 

Heart failure 1.09 (0.97–1.21) 

Cirrhosis  1.85 (1.57–2.18) 

ASA use 0.98 (0.89–1.10) 

NSAID use 1.95 (1.74–2.18) 

Note: ASA = acetylsalicylic acid, CI = confidence interval, HR = 
hazard ratio, NSAID = nonsteroidal anti-inflammatory drug. 
*Each variable was adjusted for every other variable listed. 
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coagulants (e.g., heparin) during hemodialysis
in patients with existing ulcers or erosions. It is
also possible that these patients had impaired
healing of ulcers because of intermittent hemo-
dynamic instability in the gastrointestinal tract
during hemodialysis.

We found that diabetes, coronary artery dis-
ease, cirrhosis and use of NSAIDs were risk
factors for ulcer bleeding in patients undergoing
hemodialysis. In the general population, a his-
tory of ulcer or ulcer bleeding, use of NSAIDs
and ASA, and Helicobacter pylori infection are
important risk factors for ulcer bleeding.18,19 In a
study involving 30 648 patients with end-stage
renal disease undergoing hemodialysis, Wasse
and colleagues reported that cardiovascular dis-
ease, smoking and an inability to walk indepen-
dently were risk factors for bleeding in the
upper gastrointestinal tract.11 Chen and col-
leagues found that diabetes, congestive heart
failure, low albumin levels and receiving peri-
toneal dialysis were risk factors for peptic ulcers
in patients receiving dialysis.14 The dataset used
in our study did not include data for smoking
and ambulatory status. It also did not include
patients undergoing peritoneal dialysis. 

The finding that the use of NSAIDs but not
ASA is a risk factor is consistent with the find-
ings of Ethier and colleagues, who reported that
ASA was not associated with gastrointestinal
bleeding in hemodialysis patients,20 and of
Jankovic and colleagues, who found that
NSAIDs increased the risk of gastrointestinal
bleeding in this group.21 Taken together, these
results suggest that hemodialysis patients who
use NSAIDs and have diabetes, cardiovascular
disease or cirrhosis have a higher risk of ulcer
bleeding than patients without these factors. In
such patients, the use of gastroprotective agents,
such as proton-pump inhibitors, should be con-
sidered to protect the gastroduodenal mucosa.

Limitations
The findings of this study need to be interpreted
in the context of certain limitations. First, the
observations were retrospective and based on
patients admitted to hospital because of peptic
ulcer bleeding. Certain selection biases may
exist, and caution must be used when extrapolat-
ing the results. 

Second, we were unable to assess H. pylori
infection, an important risk factor for ulcers and
ulcer bleeding,18,22 because the dataset used did
not include this information. Nonetheless, previ-
ous studies have shown that the prevalence of
H. pylori infection in patients with uremia is not
higher than in the general population6,23 and that
H. pylori infection is not a risk factor for ulcer or

recurrent ulcer in uremic patients.14,24

Third, although smoking and alcohol con-
sumption are risk factors for peptic ulcers, infor-
mation about these factors was not available in
the National Health Insurance dataset. 

Lastly, we did not evaluate protective factors
for peptic ulcer disease, such as the use of gas-
troprotective agents (proton-pump inhibitors,
misoprostol and histamine-2 receptor antago-
nists). In Taiwan’s National Health Insurance
program, the use of proton-pump inhibitors or
histamine-2 receptor antagonists is limited to
patients with endoscopic reflux esophagitis or
peptic ulcer disease.17 Gastroprotective agents are
not covered by National Health Insurance for
prophylaxis against ulcers or ulcer bleeding, and
prescriptions for such prophylactics are not
found in the National Health Insurance Research
Database.

Conclusion
We found that patients with end-stage renal dis-
ease undergoing hemodialysis had a high risk
of ulcer bleeding. Diabetes, coronary artery dis-
ease, cirrhosis and the use of NSAIDs were
important risk factors for ulcer bleeding in this
population.
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